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Abstract: In order to understand the response to combined stresses of cadmium (Cd) and naphthalene (Nap), the 
germination and growth of mangrove plant Avicennia marina seedlings were studied cultured on sand in 
greenhouse. The results showed that the inhibition effect of seedling germination under Cd-Nap combined stress 
was more obvious than that under Cd stress. The survival rate increased at early stress stage, and then decreased at 
later stress stage. After cultured for 45 days, the inhibition effect of Cd on leaf size, stem height and biomass 
relieved treated with 10 mg L–1 Nap, while inhibition effect on root growth enhanced. Compared to treatment with 
25 mg L–1 Cd, the area, length, width of leaf, stem height and biomass treated with 10 mg L–1 Nap-25 mg L–1 Cd 
increased by 9.6%, 7.9%, 7.4%, 5.1% and 20.2%, respectively, while root length decreased by 11.1% compared to 
treatment with 150 mg L–1 Cd. When cultured for 90 days, the inhibitive effect of Cd-Nap stress on leaf size, stem 
height and root growth was stronger than that of Cd stress, but there was no significant difference in biomass. 
Therefore, with extension of combined stress time, the antagonistic effect of Cd-Nap on A. marina seedling 
growth turned into synergistic effect.  
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?????????????????????
???[10]?PAHs??????????????
??????(PTS)[11–12]????????????
???????????[13–14]?????????
??? PAHs?????????????
PAHs[15]???16???PAHs????????
(Nap)????????????????????
??????????????? [16]????
(Avicennia marina)?????(Verbenaceae)???
???????????????????????
??????????????????????
??????????????????????
??????????????????????
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?????????????????Cd?Nap?
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??????????????????? 
 
1 ????? 
 
1.1 ????? 
?????(Avicennia marina)??????
????????????????????
???????????????????? , 
?????????????????????
??30 cm×??15 cm???????15‰???
??CdCl2·2.5H2O????????Nap-Cd??
(mg L–1)???0-0(??)?10-0?0-25?10-25?0-150
?10-150????????1500 mL??????
12????3?????????????????
????????90 d??7 d??1??????
??????????????????/????
??24?/16???????47%/76%? 
 
1.2 ???? 
?????????????????45 d?
90 d??????????????150 mg L–1 Cd
??45 d??????????90 d??????
??????????????????????
??????????????????????
???????/(?????×????????)?
????????????0.007331 g cm–2????
????????????????±?????
??????????SPSS 20.0 (SPSS Inc., 
Chicago, IL, USA)?Duncan??????????
?????P<0.05??????????????
?????(Two-Way ANOVA)??Cd?Nap???
??????? 
 
2????? 
 
2.1 ?????????????????? 
????????????????????
????????1?????????15 d???
??????????????????????
?30 d????????????100%?????
45 d?150 mg L–1 Cd????????60%??
Nap-Cd?10-150??????????????
87.5%?????90 d?10 mg L–1 Nap???25 mg L–1 
Cd?????????100%??Nap-Cd?10-25?
?????????Nap-Cd?10-150??????
???? 
 
2.2 ???????????? 
???????????????????
Cd???????????????22 d?45 d, 
??2~3 d??1???????????(?1)??
??????45 d?Nap-Cd?10-25?10-150
82 ????????? ? 24? 
 
???????????15?59???????
??Cd??????????????Nap-Cd?
10-25??????????5???????  
25 mg L–1 Cd?????????????????
???Nap-Cd?10-150??????????33
???????150 mg L–1Cd?????
 
? 1 Cd? Nap????????????????????? 
Table 1 Effect of Cd-Nap combined stress on germination and survival of Avicennia marina seedlings 
Nap-Cd         
(mg L–1) ?? Total 
??? Germination rate (%) 
 
??? Survival (%) 
15 d 30 d 45 d 90 d 
?? Control 40 92.5  100.0   100.0  100.0  
10-0 40 80.0  100.0   100.0  100.0  
0-25 40 72.5  100.0   100.0  100.0  
10-25 40 55.0  100.0   100.0  97.5  
0-150 40 77.5  100.0   60.0  ND 
10-150 40 65.0  100.0   87.5  0.0  
ND: ??????? 
ND: No detected. The same is following Tables. 
 
? 1 ???????????????? 
Fig. 1 Number of injured leaves of Avicennia marina seedlings under Cd-Nap combined stress 
 
??2???????45 d???Cd?????
???????????????????????
????Cd??????????Nap-Cd?10-25?
??????????????25 mg L–1 Cd???
?9.6%?7.9%?7.4%??????90 d??????
?1.3%?2.4%?3.6%???????? 
??3??????????????????
?Cd????????????????????
Cd????????????45 d?10 mg L–1 Nap?
??????????????????? ; 
25 mg L–1 Cd????????????Nap-Cd?
10-25??????25 mg L–1 Cd????5.1%???
????????150 mg L–1 Cd?Nap-Cd?10-150?
???????????????????150 mg L–1 
Cd??????????????Nap-Cd?10-150?
?????150 mg L–1 Cd????11.1%?????
????????90 d?10 mg L–1 Nap?25 mg L–1 Cd
????????????????, ?Nap-Cd?
10-25???????????25 mg L–1 Cd????
4.9%?1.4%????????? 
 
2.3 ?????????????? 
??2?????10 mg L–1 Nap??????
?????????????Nap-Cd?10-25??
????????25 mg L–1 Cd????????
??????????????????25 mg L–1 
Cd??????Cd????????????(?
???)???Nap-Cd?10-150??????? 
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? 2 Cd? Nap????????????????? 
Table 2 Effect of Cd-Nap combined stress on leaf characters of Avicennia marina seedlings 
??? 
Treatment group 
45 d 90 d 
??? 
Leaf area (cm2)
?? 
Leaf length (cm) 
?? 
Leaf width (cm) 
??? 
Leaf area (cm2)
?? 
Leaf length (cm) 
?? 
Leaf width (cm) 
?? Control 8.5 4.1±0.3a 3.0±0.4a 7.9 4.1±0.4a  2.7±0.4a 
Nap10 8.3 3.9±0.4ab 3.0±0.5a 7.8 4.0±0.4a 2.8±0.4a 
Cd25 7.3 3.8±0.4abc 2.7±0.5ab 7.6 4.1±0.3a 2.8±0.3a 
Nap10-Cd25 8.0 4.1±0.4a 2.9±0.3ab 7.5 4.0±0.5a 2.7±0.4a 
Cd150 6.1 3.6±0.5c 2.5±0.6b ND ND ND 
Nap10-Cd150 7.2 3.8±0.3bc 2.7±0.4ab ND ND ND 
F1  6.606(0.012) 5.392(0.021)  0.134(0.723) 0.501(0.499) 
F2  1.721(0.220) 0.402(0.678)  0.008(0.930) 1.708(0.228) 
???????????????(P<0.05)?F1????? Cd? F??F2?????? Cd×Nap? F????????? P????? 
Data followed different letters within column indicate significant difference at 0.05 level Tables. F1 means F value of Cd main effect, F2 means F value of 
Cd×Nap interactions effect. The number in brackets is P value. The same is following Tables. 
 
? 3 Cd? Nap?????????????????? 
Table 3 Effect of Cd-Nap combined stress on stem height and root length of Avicennia marina seedlings 
??? 
Treatment group 
45 d 90 d 
?? Height        
of stem (cm) 
??? Length of        
main root (cm) 
?? Height        
of stem (cm) 
??? Length of      
main root (cm) 
?? Control 13.2±0.4a 6.9±0.3ab 13.5±0.6a 7.9±0.4a 
Nap10 13.6±0.9a 7.0±0.4a 12.8±1.0ab 7.7±0.2ab 
Cd25 11.8±0.7b 6.6±0.3ab 12.3±0.2ab 7.3±0.3ab 
Nap10-Cd25 12.4±0.6ab 6.6±0.1ab 11.7±0.6b 7.2±0.2b 
Cd150 9.6±0.8c 6.3±0.3ac ND ND 
Nap10-Cd150 9.6±0.1c 5.6±0.6c ND ND 
F1 56.615(0.000) 10.707(0.002) 8.915(0.017) 10.812(0.011) 
F2 0.284(0.758) 1.778(0.211) 0.042(0.842) 0.001(0.971) 
 
? 2 Cd? Nap????????????????? 
Fig. 2 Effect of Cd-Nap combined stress on persistent rate of cotyledon of 
Avicennia marina seedlings 
 
????50?100 mg L–1 Cd?????(????),
?Cd?????????????Nap-Cd?10-150
???????????150 mg L–1 Cd????? 
 
2.4 ?????????????  
??4?????????45 d?10 mg L–1 
Nap????????????????????
??????Cd???????????????
??????????????????????
?Cd????Nap-Cd?10-25?????????
???????25 mg L–1 Cd????8.4%?
11.2%?39.7%?20.2%?????90 d?????
?????????????? 
 
3 ?? 
 
????????????????????
???????????PAHs???????? 
?[15]?????????Cd?Nap???????
???????????????????Cd?
Nap???????????????????? 
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? 4 Cd? Nap?????????????(g)??? 
Table 4 Effect of Cd-Nap combined stress on biomass (g) of Avicennia marina seedlings 
???? 
Time (d) 
??? 
Treatment group 
????? Average biomass (g plant–1) 
? Root ? Stem ? Leaf ?? whole plant 
45 ?? Control 0.871±0.125a 0.839±0.042ab 1.128±0.094a 2.837±0.231ab 
Nap10 0.911±0.098a 0.891±0.082a 1.142±0.148a 2.944±0.326a 
Cd25 0.761±0.140ab 0.753±0.061b 0.817±0.093b 2.331±0.234bc 
Nap10-Cd25 0.825±0.101ab 0.837±0.046ab 1.141±0.191a 2.803±0.270abc 
Cd150 0.639±0.046b 0.597±0.044c 0.588±0.175b 1.825±0.240c 
Nap10-Cd150 0.667±0.013b 0.598±0.008c 0.624±0.114b 1.889±0.107d 
F1 8.945(0.004) 42.354(0.000) 22.204(0.000) 28.987(0.000) 
F2 0.054(0.948) 0.981(0.403) 2.244(0.149) 1.303(0.307) 
90 ?? Control 1.290±0.209a 0.978±0.150a 1.331±0.187a 3.598±0.545a 
Nap10 1.398±0.188a 0.912±0.093a 1.320±0.085a 3.631±0.354a 
Cd25 1.045±0.094a 0.915±0.073a 1.208±0.164a 3.168±0.329a 
Nap10-Cd25 1.100±0.278a 0.876±0.220a 1.212±0.354a 3.188±0.850a 
 F1 5.377(0.049) 0.342(0.575) 0.828(0.389) 1.825(0.214) 
 F2 0.053(0.824) 0.025(0.878) 0.003(0.956) 0.000(0.985) 
 
???????Cd??????????????
??????????????????????
?[17]?Li?[18]??PAHs????????????
??????????????????????
???Cd?Nap???????????????  
????[19]??Nap???????(Kandelia 
candel)???????Wang?[2]??Cd??(Pyr) 
???????Cd??????????????
??Cd????????????Cd????
PAHs???????Cd?????? (Juncus 
subsecundus)????????Cd[20]??????
??????????????????????
?Cd????(????)???????PAHs?
?????????????????????
?????????????[21]?????PAHs
??????????????????????
???????Cd?????????????
Cd[2]? 
???????Cd????????????
???????????Cd??45 d??????
????????Nap?????????????
????45 d?10 mg L–1 Nap?????????
????????????????????Cd?
?????Nap?Cd?????????????
??????PAHs??????????????
??(Pteris vittata)??(Phe)??(As)??????
??????As????[22]?Zhang?[20]????
???Phe???Cd?????????????
??????????PAHs?????????
??????????????????????
??????????????????????
????????????Wang?[23]??????
?????(Chlorimuron-ethyl)?Cd???(Triticum 
aestivum)??????????????????
??????????????? 
10 mg L–1 Nap?????????????
??????????????????????
?????????????????[24]?Chigbo
? [25]????????? (BaP)??????
(Lolium perenne)???????????????
?[26]??????Phe????????????
???????[27]??????Nap??????
?????????????PAHs???????
(????????)?????????????
??????????????????????
???? 
????????????????????
??????????????????????
??????????????????????
??????????[2]??????Pyr????
(Cu)???(Zea may)???????[28]???Pyr
?Cd??????Pyr?????Cd???[29]??
???????Cd?Nap?????????? 
45 d???????????Cd?Nap????; ?
????90 d????????Cd???????
??Cd?Nap????????????????
??????????????????????
???????????????Cd??????
? 1? ?????????????????????????????? 85 
 
??????????????????????
Nap?Cd??????????????????
??????????????????Nap??
Cd????????????????????
???Cd??????????????????
?????????????PAHs???????
???????????????????? 
 
???? 
[1]   LIN P. Mangrove Ecosystem in China [M]. Beijing: Science Press, 
     1997: 297–316.  
??. ???????? [M]. ??: ?????, 1997: 297–316.  
[2]   WANG W Y, ZHANG X F, HUANG J, et al. Interactive effects of 
cadmium and pyrene on contaminant removal from co-contaminated 
sediment planted with mangrove Kandelia obovata (S., L.) Yong 
seedlings [J]. Mar Pollut Bull, 2014, 84(1/2): 306–313. doi: 10.1016/ 
j.marpolbul.2014.04.046. 
[3]   LU Z Q, ZHENG W J, MA L. Bioconcentration of polycyclic 
aromatic hydrocarbons in roots of three mangrove species in Jiulong 
River Estuary [J]. J Environ Sci, 2005, 17(2): 285–289.  
[4]   SUN J, ZHENG W J, ZHAO H. Effect of naphthalene intimidation 
on seedling germination and antioxidase in Avicennia marina [J]. J 
Xiamen Univ (Nat Sci), 2005, 44(3): 433–436.  
??, ???, ??. ??????????????????
?? [J]. ??????: ?????, 2005, 44(3): 433–436.  
[5]  RAMDINE G, FICHET D, LOUIS M, et al. Polycyclic aromatic 
hydrocarbons (PAHs) in surface sediment and oysters (Crassostrea 
rhizophorae) from mangrove of Guadeloupe: Levels, bioavailability, 
and effects [J]. Ecotoxicol Environ Saf, 2012, 79: 80–89. doi: 10. 
1016/j.ecoenv.2011.12.005. 
[6]   ESSIEN J P, EDUOK S I, OLAJIRE A A. Distribution and 
ecotoxicological significance of polycyclic aromatic hydrocarbons in 
sediments from Iko River estuary mangrove ecosystem [J]. Environ 
Monit Assess, 2011, 176(1/2/3/4): 99–107. doi: 10.1007/s10661- 
010-1569-2.  
[7]   MAHDAVI E S, RAHIMI A E K, AMINI H V. Pb and Cd 
accumulation in Avicennia marina from Qeshm Island, Persian Gulf 
[J]. Iran J Fish Sci, 2012, 11(4): 867–875.  
[8]   ALMAHASHEER H B, AL-TAISAN W A, MOHAMED M K. 
Metals accumulation in grey mangrove [Avicennia marina (Forsk.) 
Vierh.] inhabiting Tarut Bay, Eastern Saudi Arabia [J]. J Agric Sci, 
2013, 6(1): 137–149. 
[9]   XU S, WANG H, CHEN W, et al. Effects of soil PAHs pollution on 
plant ecophysiology [J]. J Appl Ecol, 2013, 24(5): 1284–1290.  
??, ??, ??, ?. ?????????????????
?? [J]. ??????, 2013, 24(5): 1284–1290.  
[10]  XIE X Y, WEISS D J, WENG B, et al. The short-term effect of 
cadmium on low molecular weight organic acid and amino acid 
exudation from mangrove [Kandelia obovata (S., L.) Yong] roots [J]. 
Environ Sci Pollut Res, 2013, 20(2): 997–1008. doi: 10.1007/s11356- 
012-1031-9.  
[11]  CHRISTENSEN E R, ARORA S. Source apportionment of PAHs in 
sediments using factor analysis by time records: application to Lake 
Michigan, USA [J]. Water Res, 2007, 41(1): 168–176. doi: 10.1016/j. 
watres.2006.09.009.  
[12]  TSANG H L, WU S C, LEUNG C K M, et al. Body burden of POPs 
of Hong Kong residents, based on human milk, maternal and cord 
serum [J]. Environ Int, 2011, 37(1): 142–151. doi: 10.1016/j.envint. 
2010.08.010. 
[13]   HAVELCOVÁ M, MELEGY A, RAPANT S. Geochemical distribution 
of polycyclic aromatic hydrocarbons in soils and sediments of 
El-Tabbin, Egypt [J]. Chemosphere, 2014, 95: 63–74. doi: 10.1016/ 
j.chemosphere.2013.08.018.  
[14]  KWON H O, CHOI S D. Polycyclic aromatic hydrocarbons (PAHs) 
in soils from a multi-industrial city, South Korea [J]. Sci Total Environ, 
2014, 470–471: 1494–1501. doi:10.1016/j.scitotenv.2013.08.031. 
[15]  HENNER P, SCHIAVON M, DRUELLE V, et al. Phytotoxicity of 
ancient gaswork soils: Effect of polycyclic aromatic hydrocarbons 
(PAHs) on plant germination [J]. Org Geochem, 1999, 30(8): 963– 
969. doi: 10.1016/S0146-6380(99)00080-7. 
[16]  KIPOPOULOU A M, MANOLI E, SAMARA C. Bioconcentration of 
polycyclic aromatic hydrocarbons in vegetables grown in an industrial 
area [J]. Environ Pollut, 1999, 106(3): 369–380. doi: 10.1016/S0269- 
7491(99)00107-4. 
[17]  SFAXI-BOUSBIH A, CHAOUI A, El FERJANI E. Cadmium impairs 
mineral and carbohydrate mobilization during the germination of 
bean seeds [J]. Ecotoxicol Environ Saf, 2010, 73(6): 1123–1129. doi: 
10.1016/j.ecoenv.2010.01.005. 
[18]  LI Q S, LU Y L, SHI Y J, et al. Combined effects of cadmium and 
fluoranthene on germination, growth and photosynthesis of soybean  
seedlings [J]. J Environ Sci, 2013, 25(9): 1936–1946. doi: 10.1016/ 
S1001-0742(12)60264-2.  
[19]  LU Z Q, ZHENG W J, MA L. Effects of naphthalene and pyrene on 
membrane permeability and antioxidant enzymes of mangrove [J]. J 
Xiamen Univ (Nat Sci), 2008, 47(5): 757–760.  
???, ???, ??. ?????????????????
?????????? [J]. ??????: ?????, 2008, 
47(5): 757–760.  
86 ????????? ? 24? 
 
 
[20]  ZHANG Z H, RENGEL Z, MENEY K, et al. Polynuclear aromatic 
hydrocarbons (PAHs) mediate cadmium toxicity to an emergent 
wetland species [J]. J Hazard Mater, 2011, 189(1/2): 119–126. doi: 
10.1016/j.jhazmat.2011.02.007. 
[21]  ALKIO M, TABUCHI T M, WANG X, et al. Stress responses to 
polycyclic aromatic hydrocarbons in Arabidopsis include growth 
inhibition and hypersensitive response-like symptoms [J]. J Exp Bot, 
2005, 56(421): 2983–2994. doi: 10.1093/jxb/eri295. 
[22]  SUN L, YAN X L, LIAO X Y, et al. Interactions of arsenic and 
phenanthrene on their uptake and antioxidative response in Pteris  
vittata L. [J]. Environ Pollut, 2011, 159(12): 3398–3405. doi: 10. 
1016/j.envpol.2011.08.045. 
[23]  WANG M E, ZHOU Q X. Single and joint toxicity of chlorimuron- 
ethyl, cadmium, and copper acting on wheat Triticum aestivum [J]. 
Ecotoxicol Environ Saf, 2005, 60(2): 169–175. doi: 10.1016/j. 
ecoenv.2003.12.012.  
[24]  CALABRESE E J. Paradigm lost, paradigm found: The re-emergence 
of hormesis as a fundamental dose response model in the toxico- 
logical sciences [J]. Environ Pollut, 2005, 138(3): 378–411.  
[25]  CHIGBO C, BATTY L. Effect of combined pollution of chromium 
and benzo (a) pyrene on seed growth of Lolium perenne [J]. Chemo- 
sphere, 2013, 90(2): 164–169. doi: 10.1016/j.chemosphere.2012.06.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
021. 
[26]  HONG Y W, YUAN D X. Eco-physiological responses of Kandelia  
candel seedlings to phenanthrene (PHE) and fluoranthene (FLA) 
treatment [J]. Acta Ecol Sin, 2009, 29(1): 445–455. 
???, ???. ??(Kandelia candel)???????????
????? [J]. ????, 2009, 29(1): 445–455. 
[27]  LU Z Q, ZHENG W J, MA L, et al. Effect of naphthalene and pyrene 
on hypocotyl germination and growth of mangrove plant Kandelia 
candel (L.) durce [J]. J Xiamen Univ (Nat Sci), 2005, 44(4): 
580–583.  
???, ???, ??, ?. ???????????????
????????????? [J]. ??????: ?????, 
2005, 44(4): 580–583.  
[28]  LIN Q, SHEN K L, ZHAO H M, et al. Growth response of Zea may 
L. in pyrene-copper co-contaminated soil and the fate of pollutants 
[J]. J Hazard Mater, 2008, 150(3): 515–521. doi: 10.1016/j.jhazmat. 
2007.04.132.  
[29]  ZHANG H, DANG Z, ZHENG L C, et al. Remediation of soil 
co-contaminated with pyrene and cadmium by growing maize (Zea 
mays L.) [J]. Int J Environ Sci Techn, 2009, 6(2): 249–258. doi: 
10.1007/BF03327629.
